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Abstract
Results of Positron Annihilation Lifetime Spectroscopy (PALS) and
microscopic studies on simple microorganisms: brewing yeasts are pre-
sented. Lifetime of ortho - positronium (o-Ps) were found to change from
2.4 to 2.9 ns (longer lived component) for lyophilised and aqueous yeasts,
respectively. Also hygroscopicity of yeasts in time was examined, allow-
ing to check how water - the main component of the cell - affects PALS
parameters, thus lifetime of o-Ps were found to change from 1.2 to 1.4 ns
(shorter lived component) for the dried yeasts. The time sufficient to hy-
drate the cells was found below 10 hours. In the presence of liquid water
an indication of reorganization of yeast in the molecular scale was ob-
served. Microscopic images of the lyophilised, dried and wet yeasts with
best possible resolution were obtained using Inverted Microscopy (IM)
and Environmental Scanning Electron Microscopy (ESEM) methods. As
a result visible changes to the surface of the cell membrane were observed
in ESEM images.
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1 Introduction
Positron and its bound state positronium are applied since a few decades as
a tool in material investigations. Especially PALS method is widely used, as it
gives a possibility to correlate the mean o-Ps lifetime value with cavity size in
which annihilation undergoes. The relationship called Tao-Eldrup model [4, 24]
describing o-Ps pick-off annihilation, assumes free space as a spherical potential
well in which positronium is trapped. It allows to find the dependence of the
mean o-Ps lifetime value in the trap and its radius. Some modifications concern-
ing other shapes and larger sizes [5, 6, 7, 10, 11] widespread the application area
for new classes of media like for example porous materials containing elongated
pores, sometime opened to the surface. PALS allows to study many properties of
investigated materials like presence of defects, thermal expansion, temperature
of phase transition in polymers, processes of gases or steams sorption in pores.
However, it was applied in a very limited number of papers concerning living bi-
ological material [1, 20]. Some applications in biological system were described
by Jean and Ache in 1977 [12] and were further studied in Jean’s group. They
focused on studies of healthy and abnormal skin samples [13, 15] and reported
that S parameter from Doppler broadening technique is correlated with broadly
defined level of skin damage. Over last few years biological systems appeared in
interest of annihilation techniques again [2]. The precise investigations seem to
be very complex because of presence of water in which positronium also under-
goes annihilation. However, hydrated solid materials were studied using PALS
[23] successfully. In the paper by Hugenschmidt et al. [9] some experiments
concerning behaviour of the free volume on H2O loading and uniaxial pressure
on glucose - gelatin compounds were performed. In this study we have per-
formed a test experiment showing the possibility to observe dynamics of the
water sorption by hydrophilic material - lyophilised yeast cells. Yeasts are eu-
karyotic micro-organisms, a spherical unicellular microscopic fungus. They are
living micro-organisms in both the presence or absence of oxygen in the envi-
ronment. For presented studies Saccharomyces cerevisiae were used. These are
most commonly used for brewing, as they ferment by converting carbohydrates
to a carbon dioxide and alcohols. The diameter of a single yeast cell amounts of
average 4 – 6 µm. These species of yeasts is also a commonly used as a model
organism in cell biology research [3, 8].
2 Experimental
2.1 Sample preparation
Lyophilised Saccharomyces cerevisiae cells used in these measurements are
a commercial product Instaferm Instant Yeasts manufactured by Lallemmand
Iberia, SA. Used in the distilling industry. Product ”Instaferm” has the form
of fine granules, color beige with size of about 1.5 × 0.5 [mm] with less than
7% of liquids and 1 g of lyophilised yeasts containing min. 3 ∗ 109 live cells.
In 10% solution pH of yeasts is of about 6. For microscopic and PALS studies
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yeasts were used in three forms as 1) lyophilised cells (as originally produced by
manufacturer) 2) dried, after addition of water to lyophilised cells, rinsing and
evaporating in standard conditions and 3) wet with added drop of water.
2.2 Experimental techniques
A standard ”fast-slow” delayed coincidence PAL spectrometer was used to
conduct measurements. The 22Na positron source of the activity of about
0.4 MBq, surrounded by two layers of sample, was placed inside a chamber.
The γ quanta were registered using two detectors equipped with cylindrical
BaF2 scintillators of sizes φ 1.5” × 1.5” each. All measurements were conducted
in room temperature in four stages: 1) at the beginning material was investi-
gated in vacuum in order to remove small amounts of water possibly present in
the yeast, 2) next dried air was introduced to the sample chamber, as sorption
experiment was planned to perform under normal pressure, 3) with presence of
water vapour (wet filter paper was placed in the chamber), and 4) with drop
of water placed directly to the yeast. Spectra with a total statistics of ∼ 106
counts for each experimental point were analyzed using LT [14] and MELT pro-
grams (for integrated ones with statistics of ∼ 107). ESEM (Environmental
SEM) images were obtained using ”Quanta 3D FEG” microscope, produced by
FEI company working in environmental mode, dedicated as Gaseous Secondary
Electron Detector (GSED). Measurements were conducted in the room temper-
ature, under pressure of water vapour of 130 Pa and a beam with energy of
about 30 keV.
3 Results
Positron lifetime spectra of yeasts samples were measured as a function of
hydration time. The intensity of o-Ps component is commonly accepted as the
source of information about concentration of free volumes in the medium, where
the o-Ps lifetime is measured as a value of free volumes sizes. In the PAL spectra
measured in lyophilised material, two components related to o-Ps annihilation
in the voids were found. The first one with mean lifetime of about τ3 '1.3
ns and the second one τ4 ' 2.9 ns. Free volumes radii determined from Tao-
Eldrup model assuming spherical shape of void, reach about r3 ' 0.2 nm and
r4 ' 0.35 nm respectively. In Fig. 1 the changes of the o-Ps lifetimes (τ3 , τ4)
and intensities (I3, I4) as a function of time and sample environment are shown.
In the course of water vapour sorption, the lifetime value of the fourth com-
ponent decreases to about 2.0 ns and its intensity value rises to about 8%,
whereas changes of parameters describing τ3 component are much smaller. It is
a result of water loaded to the material via larger voids having probably shape
of elongated channels open to the surface. The o-Ps lifetime value (in presence
of water vapour) of a range of 2.0 ns is known from literature as o-Ps lifetime
value in aqueous solutions. In the presence of liquid water (4th stage) both o-Ps
lifetime values rapidly rise. This may be a result of water molecules entering
the cell by osmosis process and possible changes in cell’s wall proteins confor-
mation, but since yeasts cells have never before been studies at such small scale
(below 1 nm) explanation of these results needs additional investigation. One
can only say that it suggest reorganization of material in the molecular scale.
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Figure 1: The o-Ps lifetime and intensity values as a function of the water
vapour sorption time, index 3 denotes shorter-lived component (squares) while
4 – longer-lived (circles). Measurement were conducted in four stages: 1) in
vacuum , 2) in dried air, 3) with presence of water vapour, and 4) with drop of
water placed in the chamber containing yeast.
Figure 2: Distributions of the o-Ps lifetimes in lyophilised yeasts in vaccum,
than with the chamber open (air) and after adding drop of water to the chamber
(hydrated).
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Additionally in Fig. 2. distributions of the o-Ps lifetimes in lyophilised and
hydrated yeast are presented, as one can observe mean lifetimes of both o-Ps
components are longer for cells with addition of water, these probably is the
result of channels in the cell wall being elongated due to the present of water,
but further investigation is needed on this subject.
In order to see how surface of yeasts cells changes in presence of water,
studies with IM (Fig. 3.) and ESEM (Fig. 4) were performed. In Fig. 3. it
is well visible that after adding drop of water (upper right) cells starts to grow
and move on the glass filling all voids.
Figure 3: Inverted microscopy images for dried yeasts (upper left), 1 second
after adding drop of water (upper right), 1 min after (bottom left), and 5 min
after (bottom right).
In Fig. 4. results from ESEM are presented. As one can observe, this method
show that cell surface structure is clearly changed after addition of water, not
only cells growths, but its surface is smother and shape of cells are also changed.
This is in line with the result inferred from PALS analysis, that some changes
on molecular level are occurring in yeasts during hydration process.
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Figure 4: Environmental Scanning Electron Microscopy images of lyophilised
yeasts (upper) and dried under normal conditions, after addition of water (bot-
tom).
4 Conclusions
In this study an experiment showing the possibility to observe dynamics
of the water sorption by a hydrophilic material like lyophilised yeast cells was
performed. As a result we proved that PALS can be successfully used for stud-
ies of biological materials in the nanoscale. Knowing the mean lifetimes of
both o-Ps components, we were able to evaluate sizes of free volumes in yeasts,
which in presented results were smaller than 1 nm. The microscopic data al-
lows to observe the cell and its membrane in the scale of micrometers, while
from PALS measurements we received information in the scale below 1 nm.
We observed changes of free volumes between molecules in cell membrane. As
the single yeasts cells are of range of 2 – 6 µm, the space between the cells is
of the same range and is probably seen by PALS as a vacuum level. In the
future these studies of model biological structures like yeasts, will enable deter-
mination of early and advanced stages of carcinogenesis by observing changes
in biomechanical parameters between normal and tumor cells employing PALS
method combined with J-PET tomography system [16] which is currently being
developed at Jagiellonian University [17, 18, 19, 21, 22, 25].
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